Although boron has long been known to be a required nutrient for plants, it was not until recently that there was any suggestion of a nutritional requirement for animals and humans. Addition of boron to the diet of vitamin D-deficient chicks indicated that boron may play a role in animal nutrition. Studies with rats have demonstrated that supplemental dietary boron has most marked effects when the diet is deficient in known nutrients. We observed higher apparent-balance values of calcium, magnesium, and phosphorus for rats fed a vitamin D-deprived diet with dietary supplemental boron (2.72 ppm), than for rats fed the same diet without added boron (0.16 ppm). The treatment group with dietary supplemental boron demonstrated a high degree of variability in response to boron. We hypothesize that relatively large and variable vitamin D stores in weanling rats from a colony supplemented with 3000 IU vitamin D/kg diet accounted for the observed variable response. A recent, unpublished study using weanling rats from a low-vitamin D colony appears to support this hypothesis. -Environ Health Perspect 1 02(Suppl.7): 55-58 (1994) 
Introduction
Boron has been known to be a required nutrient for plants since the early part of the 20th century (1) . Early studies with dietary boron in rats had equivocal results and further investigation of boron as a required nutrient for animals was ignored (1). It was not until 1981 when Hunt and Nielsen discovered a possible need for boron in the diet of the chick that the study of boron in animals received further interest (2) . Hunt and Nielsen observed that vitamin D-deficient chicks responded with improved growth and lower concentrations of serum alkaline phosphatase when boron was added to the diet. Hunt later demonstrated that in the vitamin D-deficient chick, boron decreased body growth but enhanced initiation of cartilage calcification (3) . In chicks with concomitant magnesium deficiency, boron had the opposite effect (3). However, most effects of low boron diets were seen when vitamin D in the diet was also low. In growing male rats, Brommage (R. Brommage personal communication, 1989) found no differences in calcium, magnesium, and phosphorus apparent balance as well as serum concentrations of 25-hydroxyvitamin D3 and 1,25-dihydroxyvitamin D3 when the only difference between dietary treatment groups was supplemental boron. Although both diets contained adequate vitamin D, it was not clear whether the diet unsupplemented with boron provided a low amount of the element since the diet was never analyzed for boron. Boron has been reported to have an effect in rats when other nutrients such as magnesium, calcium, or methionine are fed in amounts below recommended dietary guidelines (4) (5) (6) (7) . Researchers in our laboratory recently investigated the effects of supplemental (2.72 ppm) or low (0.16 ppm) dietary boron on rats fed a vitamin Ddeprived diet for 12 weeks (8) .
Effect of Dietary Boron on Vitamin D-deficient Rats
We fed a total of 19 Harlan SpragueDawley (Indianapolis, IN) weanling (21 days old) rats a vitamin D-deprived, acidwashed, corn meal-based diet for 12 weeks (Table 1) . Our mineral mix formulation essentially followed that of Nielsen et al. (7) , except that we added a higher concentration of potassium because their previous formulation had a concentration below that recommended for rats. Supplemental boron (2.72 ppm-analyzed value) was added to the diet of one treatment group (9 rats), and the other group (10 rats) was fed the diet without supplemental boron (0.16 ppmanalyzed value). Boron analyses were conducted by Dr (3, 6 , and 9 diet weeks) during the study. Apparent balance of calcium, magnesium, and phosphorus was assessed in 13 rats (6 from the supplemental boron used to distribute the data quartiles and indicate the mean (#), median (central horizontal line), and the 25th and 75th percentiles (designated by the lower and upper horizontal lines, respectively). The zero above the extending "whiskers" of the box plot in the first panel indicates that the data point is outside of the 1.5 interquartile range, which is equal to the distance between the 25th and 75th percentiles. (8) . Statistically significant differences were only observed for apparent balance ( Figure  1 ), liver phosphorus, brain cerebellum phosphorus, and brain cortex calcium ( Table 2 ). The apparent decreased balance for calcium, magnesium, and phosphorus in rats that were fed a vitamin D-deprived diet with no supplemental boron reflected mainly a decreased absorption of these minerals from the diet. The increased concentration of brain cortex calcium and brain cerebellum phosphorus observed in the treatment group that was fed low dietary boron appears to provide a direct measure of changes occurring in brain tissue as a consequence of low dietary boron. Penland has reported changes in electroencephalograms from human subjects who consumed diets low in boron and magnesium (9, 10) . These effects of low boron intake on brain minerals in rats and brain encephalograms in humans occurred in conjunction with a vitamin D or a magnesium deficiency, respectively. This suggests that brain function could be altered by low dietary boron in combination with other nutrient deficiencies.
A high degree of variability was observed within the boron-supplemented study group for apparent calcium, magnesium, and phosphorus balance, when compared with the more narrow range in the group with no supplemental boron (Fig. 1 diet; and slower initial growth rate, followed by accelerated growth when fed a vitamin D-adequate diet. Therefore, use of low-vitamin D colony rats to investigate the effects of boron may enhance results.
Our results from experiments with low-vitamin D and regular colony rats were similar to the results of Halloran (16) . He also observed that low-vitamin D-fed rats and regular-diet rat colonies develop hypocalcemia at different rates.
Results from our laboratory support our hypothesis that a delay in depletion of vari- able vitamin D stores limits the response of rats to dietary boron (17) . In the first of two studies with low-vitamin D-fed colony weanling rats, problems with the cornmealbased diet (fed 1 week), resulted in a switch to rat chow (fed 12 hr) and then to a vitamin D-deficient, purified diet (18) . (Table  3 ; diet is similar to the AIN-76A diet). The calculated value for the amount of boron added to the purified diet was 3 mg/kg diet or 3 ppm. However, the value from the analysis was 1.08 mg/kg diet (analyzed by Dr. Curtiss Hunt). The unsupplemented diet had an analyzed value of 0.23 mg boron/kg diet. Following 5 weeks on this diet, a small but significantly higher total plasma calcium (p<0.05) in the 8-week-old boron-supplemented rats indicated the need for a second study. In the second study, the rats fed supplemental boron had higher total plasma calcium at 8 (p<0.001), 10 (p<0.0005) and 12 (p<0.05) weeks of age. These results suggest that supplemental boron prevents the severe hypocalcemia of vitamin D deficiency. This condition occurs earlier in low-vitamin D-fed colony rats than in vitamin Dsupplemented colony rats, during a time period associated with rapid bone growth.
Our most recent results also demonstrated effects of supplemental dietary boron using a purified (17) diet. Diet preparation time and effort are much reduced when feeding animals a purified diet. Although further work is needed to confirm that purified diets provide low boron content, use of a purified diet with an analyzed lowboron content instead of the acid-washed cornmeal-based diet may simplify future rat studies with boron.
